An x-ray powder diffraction system has been developed for the automated measurement and analysis Of particulate aerosol samples. The system is optimized to process samples·with particle loadings of about 100 ~g/cm 2 which · are acquired with dichotomous air samplers. A position-sensitive ~ressurized gas proportional chamber is used as the x-ray detector. This detector acquires information simultaneously over an angular range of up to seven degrees and increases the data acquisition rate by over twenty times compared to a conventional system. The use of a position-sensitive detector also reduces spectral artifacts resulting from preferr.ed particle orientations since each spectral 
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Introduction
Particulate aerosol samples collected with dichotomous air samplers are becoming widely used as convenient and accurate indicators of air quality.
These samples are unique in that the particles are aerodynamically separated into two distinct particle size ranges before deposition on a filter subtrate.
The urban aerosol has a bimodal size distribution with particles below 2 ~m diameter generally considered as coming from combustion and industrial processes and being respirable while those greater than 2 ~m are generated from mechanical processes and are not inhaled into the lung. Routine measurements are now made for sampling periods as short as several hours. Total mass loadings of up to 200 ~g/cm 2 on the fine fraction filter are possible before the filter becomes clogged and the coarse fraction sample can have somewhat more mass deposited on it. Subsequent elemental compositions and total mass determinations provide useful information for the identification of pollutant sources and estimation of their relative contributions to air quality. Interpretation of these complex samples could, in many instances, be made more specific if an estimate could be made of the concentration of specific chemical compounds. X-ray powder diffraction has the potential for providing this information for that fraction of the sample which is present in crystalline In order to adapt the powder diffraction method to the study of these dilute yet complex samples, we have developed an automated system which incorporates two major improvements to the normal diffractometer design. The first is replacement of the single slit x-ray detector with a position-sensitive multiwire proportional chamber. Goebel 4 has previously described the use of these detectors for powder diffraction measurements of conventional samples.
These detectors provide good spatial resolution over an extended distance· together with a high counting rate capability. These factors combine to provide a data acquisition rate improvement of over twenty times relative to single slit diffractometers. The resultant spectra are-less sensitive to x-ray tube intensity fluctuations and sample orientation effects since each spectral point represents the average 6f data collected over many slightly different goniometer positions.
The second innovation is the use of a small computer system to automatically load the sample in the goniometer, optimiz~ the position of scattering slits as the goniometer is scanned, control the data transfer from the wire chamber detector into the memory and to provide rapid complete analysis of the spectrum. Development of this system has enabled the automated and rapid analysis of environmental samples for the chemical speciation of the crystalline component in a non-destructive and convenient manner.
Description of Instrument
A Bragg-Bretano diffraction geometry was used in this instrument. The general configuration of the system is shown in Fig. 1 . In the ideal BraggBretano geometry, the x-ray tube focus and the detector are both on the -4-focusing circle and the sample is curved on a radius given by R/2 sine where R is the goniometer radius (175 mm in this case) and e is the Bragg angle. This instrument, however, uses a flat sample geometry and a position-sensitive detector. The sample media which is used in dichotomous samplers is a 51 mm x 51 mm square frame which has a 37 mm diameter hole in which the sample substrate is moun~ed. We have designed our instrument to process these samples with no remounting of the sample. The particulate material is collected on the sample substrate in a 34 mm diameter area. The substrate material is usually a thin teflon filter (1 ~m pore size and 1 mg/cm 2 areal density) or a cellulose ester (1.2 ~m pore size and 4 mg/cm 2 ). Although the instrument was optimized to process samples from dichotomous samplers, hi-val samples can be studied by cutting out a 37 mm diameter area from a hi-val sample and mounting it in a standard frame with a retainer ring. Both vertical and horizontal slits are used to collimate and control the x-ray beam onto the sample and to limit the field of view of the x-ray detector to the part of the sample which is irradiated by the x-ray beam. The spectrum defocusing due to vertical divergence is limited by Soller slits (8 em long and 3 mm foil spacing) which are placed in both arms of the spectrometer. The horizontal defocusing due to the vertical divergence is 0.01° at 20°(2e) with -5-this geometry. The horizontal slits are controlled by the instrument's computer using stepper motors. One slit is placed in the incident arm of the spec-.trometer and is used to maintain constant coverage of the sample area by the x-ray beam as the goniometer angle is varied~ Since the computer controls the horizontal coverage, this value is an input parameter of the running conditions and can be chosen by the experimenter. The other computer controlled slit is in the detector arm and is used to limit the field of view of the detector to the irradiated area of the sample. Since the samples are flat and should be curved, the diffraction peaks are broadened. The aberration associated with a sample coverage of 15 mm horizontally (and 10 mm vertically), produces a spectrum broadening of 0.03° at 20°(2e). As the Bragg angle is increased this broadening also increases.
The effect on the final results is minimized in the spectral analysis procedure by using an analytic function with a variable width as the fitting function and then using the intens'ity of a peak in the search-match procedure rather than its peak height.
There are slight variations in the placement of the sample in the analysis position which can arise from the tolerances in the sample holders and the filter mounting procedures. Displacement of the sample plane from the goniometer axis produces a shift in th~ peak positions given by:
A displacement of less than 0.05 mm is maintained by the sample holder geometry. This gives a peak position error of less than 0.03° which is quite adequate in the search-match operation. This systematic error is also routinely monitored using the strong diffraction lines from readily identifiable phases such as (NH4) 2 so 4 and Si0 2 which are generally present.
-6-The x-ray detector in this instrument is a position-sensitive multiwire proportional chamber. This type of detector has a high-resolution, one-dimensional position readout and can be used at the high counting rates available in this system. The geometry of the detector is shown in Fig. 2 . Since the detector itself is the equivalent of the final slit in a conventional system, it is important to keep the thickness of the detector small to avoid defocusing of the spectra. The active detector volume is only 3 mm thick and is pressurized to five atmospheres with Ar-CH 4 (93% -7%) gas in order to increase detection efficiency. Under these conditions, the efficiency is 30 for 8 keV photons. The entrance window is 0.64 mm beryllium and has a diameter of 25 mm. Since the system is a sealed one, it is possible to use more expensive gases such as Xenon for further increases in efficiency.
The encoding of the position is based on the time difference of the two pulses at the ends of the delay-line which is linearly related to the position of the photon in the chamber. The anode plane is made of 20 ~m gold-covered tungsten wire spaced 2 mm apart. The cathode plane behind the anode wires is used to generate the high resolution position information. This is accomplished by measuring the delay between the arrival of the charge pulses between the two ends of the delay-line cathode. This readout method has the advantages that the linearity of the detector is excellent and t~e electronic readout is relatively simple and easily calibrated. The delay-line cathode is an etched conduction pattern on a teflon backing material which gives an impedance of 100 ohms and a delay of 0.8 ns for ~ach mm in the readout di~ection. The position resolution of the detector was measured using a pinhole x-ray source to be 80 ~m FWHM which corresponds to an angular resolution of 0.027°. Because the detector is 3 mm thick and the angulai rang~ collected at one goniometer position is up to 7°, there is some defbcusing of the spectra at each side of the angular range. However, this defocusing of the spectrum is averaged over y -7-all angles since the scan is done i~ small stepping increments of 0.04°. The electronic readout system is shown in Fig. 3 -by a 16-bit digital interface. The LSI 11 system i~ used for setup and starage of the runntng parameters for each spectrum and then for ahalysis of a previous spectra while the TI 9900 system acquires the cur~ent spectrum simultaneously.
The interface between the ADC and microcomputer is designed to operate at high rates (5 ~sec per event) and to have a computer controlled acceptance 
Data Acquisition Procedure
The first step in the data acquisition procedure is to enter the running parameters for each sample into the LSI 11 computer. The parameters include the sample position in the input tray, the starting and ending 2e values, the x-ray bea~ coverage of the sample, the angular acceptance range of the detec~ tor, the sampling time at each data point and sample identification information. These data are stored in a file for each sample and are transferred from the LSI 11 to the TI 9900 system.
After the TI 9900 system receives the parameters from the LSI 11, it inserts the designated sample, turns on the x-ray tube and moves to the starting positions of the goniometer and the slits. It also loads the upper and lower bounds on the ADC channels and sets the initial value of the ·ADC offset.
The timer is preset for the sampling period and then started. When the timer period ends, the data acquisition is halted and the microcomputer then moves the goniometer and slits to new positions, adjusts the ADC offset and restarts 
Data Analysis Procedure
The goa 1 of the data ana 1 ys is procedure· is to extract from the spectra To test the sensitivity of particular diffraction line intensities to the sample collection site, we have measured a variety of calcite samples which were obtained from a number of widely ~cattered sites. These calcite rock samples were powdered and collected onto teflon filters using the same procedure as for the standard samples. The coarse fraction samples were then analyzed by both powder diffraction and XRF and the intensity of the prominent diffraction lines per ng of calcium calculated. The results of this study, which are given in Table 1 indicate that these samples from five widely dispersed sites and sample morphologies give similar sensitivities for the five diffraction lines measured. Some of the variation of the calibration of the samples may be due to the presence of some non-crystalline calcium r -13-compounds being' present in some of the samples. Any non-crystalline calcium is measured by the x-ray fluorescence system but is not identified as calcite by the powder diffraction system and therefore the sensitivity is changed. ~·
